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Upregulation of the long non-coding RNA SPRY4-IT1  
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Abstract: Background: The upregulation of long non-coding RNA SPRY4 intronic transcript 1 (lncRNA SPRY4-IT1) has 
been observed in breast cancer (BC). However, there is no previous study of the relationship between SPRY4-IT1 
and patient prognosis in BC. This study investigated the prognostic value of SPRY4-IT1 in BC patients. Methods: 
The relative expression levels of SPRY4-IT1 were detected by RT-qPCR in 102 paired BC tissues and adjacent non-
cancerous tissues. The association of SPRY4-IT1 expression with clinicopathological features and prognosis was 
statistically analyzed. Results: The findings revealed that the SPRY4-IT1 expression was significantly upregulated 
in clinical BC tissues compared to adjacent normal tissues (P < 0.001). Furthermore, the SPRY4-IT1 level was sig-
nificantly associated with tumor size (P = 0.009), TNM stage (P = 0.0008) and lymph node metastasis (P = 0.01). 
Using a Kaplan-Meier analysis, it was shown that patients with high SPRY4-IT1 expression had a significantly poor 
overall survival (OS) rate (P = 0.0056) and a disease-free survival (DFS) rate (P = 0.0001). Moreover, multivariate 
Cox analysis revealed that SPRY4-IT1 expression was an independent poor prognostic factor for both OS (P = 0.024) 
and DFS (P = 0.025) in BC patients. Conclusions: SPRY4-IT1 expression is an independent prognostic factor for 
patients with BC and may serve as a potential biomarker to predict prognosis in BC patients.
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Introduction

Breast cancer (BC) is the most commonly diag-
nosed cancer in women and has become the 
second leading cause of cancer death among 
women worldwide [1]. During recent decades, 
remarkable progress has been made, and the 
disease can be treated by means of surgery, 
endocrine, cytotoxic, or targeted therapies. The 
prognosis of the patients with distal metastasis 
remains poor. Despite the great developments 
in medical science’s understanding of breast 
cancer, the complex molecular mechanisms in 
BC pathogenesis remain largely unclear. Thus, 
new biomarkers are needed to improve the 
detection and prognostic outcomes of BC.

Long noncoding RNAs (lncRNAs) are defined as 
RNA molecules with more than 200 nucleo-
tides in length not translated into protein. 
Recently, emerging evidence has demonstrat-

ed the characterization of lncRNAs as a critical 
component in cancer biology [2, 3]. lncRNAs 
can regulate the expression of downstream 
genes through transcriptional and posttran-
scriptional regulation, and the dysregulation of 
lncRNAs contributes to cancer initiation, pro-
gression, and metastasis [4]. Given that many 
lncRNAs are expressed through tissue and can-
cer type restriction, specific lncRNAs are now 
more likely to be translated into clinical applica-
tions for diagnosis, prognosis or predicting the 
response to treatment [5, 6]. 

In this study, we focused on lncRNA SPRY4 
intronic transcript 1 (SPRY4-IT1), which is locat-
ed within an intron of the SPRY4 gene. SPRY4-
IT1 was previously reported to be up-regulated 
in melanoma [7], gastric cancer [8], breast can-
cer [9], esophageal squamous cell carcinoma 
[10] and colorectal cancer [11]. However, 
whether SPRY4-IT1 was associated with the 
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prognosis of BC patients remains unknown. 
Herein, we assessed the expression profile of 
SPRY4-IT1 in BC tissues. Next, we investigated 
its associations with clinical features and prog-
nosis to identify its clinical value in BC. 

Patients and methods

Patients

This study included 102 female patients with 
breast invasive ductal carcinoma who under-
went surgical treatment at our hospital between 
January 2008 and December 2010. Primary 
cancer tissues and paired adjacent noncancer-
ous tissues were snap-frozen in liquid nitrogen 
immediately after resection and then stored at 
-80°C for RNA extraction. The range of the 
patients’ ages at the time of diagnosis was 
30-70 years (median, 50 years). All diagnoses 
were confirmed by postoperative pathological 
examinations. Complete clinical data was avail-
able for each patient. Data from the patients 

treated without preoperative therapy were used 
for the analysis of prognosis. This study was 
conducted according to the principles of the 
Helsinki Declaration. This study was approved 
by the Hospital’s Ethics Committee, and in- 
formed consent was obtained from each 
patient.

RNA Extraction and qRT-PCR

Total RNA was extracted using the Trizol reagent 
(Invitrogen, Carlsbad, CA, USA) and followed by 
cDNA synthesis using the SuperScript first-
strand synthesis system (Invitrogen, Carlsbad, 
CA, USA). To evaluate SPRY4-IT1 expression lev-
els, we used quantitative real time polymerase 
chain reaction (qRT-PCR) with 2× TaqMan Pre- 
mix Ex Taq (Takara, Japan), using an ABI7900 
system (Applied Biosystems, USA). Dissociation 
curve analysis was used to evaluate the PCR 
products. GAPDH was used as an internal con-
trol. The comparative 2-ΔΔCt method was used 
for relative quantification and statistical analy-
sis. The primers of GAPDH and SPRY4-IT1 were 
synthesized by Sangon Biotech (Shanghai, 
China). The sequences of the primers that were 
used were as follows: for SPRY4-IT1, 5’-ATC- 
CGAAGCGCAGACACAATTCA-3’ (forward) and 
5’-CCTCGATGTAGTCTATGTCATAGGA-3’ (reverse); 
For GAPDH, 5’-ATTCAACGGCACAGTCAAGG-3’ 
and 5’-GCAGAAGGGGCGGAGATGA-3’.

Statistical analysis

All statistical analyses were performed using 
SPSS 18.0 software (SPSS Inc., Chicago, IL, 
USA). The χ2 test was used to analyze the rela-
tionship between SPRY4-IT1 expression and 
clinicopathological characteristics. Disease 
free survival (DFS) and overall survival (OS) 
curves were performed by the Kaplan-Meier 
survival plot using Graph Pad Prism 5 (Graphpad 
Software Company, USA). Univariate analysis 
and multivariate analysis were performed using 
the Cox proportional hazard regression model. 
A p value less than 0.05 was considered statis-
tically significant. All of the experiments were 
repeated at least three times.

Results

SPRY4-IT1 is highly expressed in BC tissues

We first examined the expression of SPRY4-IT1 
by qRT-PCR in 102 pairs of BC tissues and non-
cancerous adjacent tissues. As shown in Figure 

Figure 1. Relative expression of SPRY4-IT1 in 102 
BC patients. The up-regulated level of SPRY4-IT1 was 
measured in BC tissues compared with adjacent nor-
mal tissues.
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1, the results showed that the relative expres-
sion of SPRY4-IT1 was significantly higher in BC 
tissues than in normal breast tissues (P < 
0.001).

The relationship between SPRY4-IT1 expres-
sion and the clinicopathologic features of BC

Next, the correlations between SPRY4-IT1 ex- 
pression level and the clinicopathological fea-
tures were evaluated. Patients with BC were 
divided into high and low expression groups by 
the mean expression level of SPRY4-IT1. The 
clinical relevance is summarized in Table 1. The 
results showed that high SPRY4-IT1 expression 
significantly correlated with larger tumor size (P 
= 0.009), advanced TNM stage (P = 0.0008) 
and lymph node metastasis (P = 0.01). However, 
there was no obvious correlation between the 

Discussion

The prevention and therapy of breast cancer 
remain a major public health concern. More 
and more studies have recognized that the 
appropriate therapies require effective bio-
markers to guide them. Recently, a growing 
number of papers have reported that changes 
in expression of lncRNAs can be used as robust 
and important biomarkers for cancer risk, diag-
nosis, and prognosis [4-6]. Based on previous 
findings, our attention then focused on SPRY4-
IT1 [9].

SPRY4-IT1 (GenBank accession ID AK024556), 
a 708 bp lncRNA, was first discovered by 
Khaitan and colleagues in 2011 [7]. SPRY4-IT1 
is derived from an intron of the SPRY4 ge- 
ne residing on chromosome 5q31.3, which 

Table 1. Correlation between SPRY4-IT1 expression 
and clinicopathological features in patients with 
breast cancer

SPRY4-IT1 expression 
P Value

Low (n = 50) High (n = 52)
Age 0.237
    ≤ 50 23 30
    > 50 27 22
Menopausal status 0.698
    Premenopausal 25 24
    Postmenopausal 25 28
Tumor size 0.009
    ≤ 2 cm 27 15
    > 2 cm 23 37
Lymph node status 0.01
    Negative 30 18
    Positive 20 34
Grade 0.672
    I-II 21 24
    III 29 28
ER status 0.237
    Negative 23 30
    Positive 27 22
PR 0.239
    Negative 24 31
    Positive 26 21
HER-2/neu status 0.538
    Negative 29 27
    Positive 21 25  
Clinical stage 0.0008
    I-II 40 25
    III 10 27

level of SPRY4-IT1 expression in BC tissues 
and other clinicopathological features such 
as age, menopausal status, grade, ER, PR, 
HER-2 (all P > 0.05, Table 1).

The prognostic value of SPRY4-IT1 expres-
sion in BC

In order to assess the prognostic value of 
SPRY4-IT1 expression for BC, we analyzed 
the prognostic value of SPRY4-IT1 expres-
sion levels in 102 BC patients using a 
Kaplan-Meier analysis and the log-rank 
test. The association between SPRY4-IT1 
expression status and OS and DFS in BC 
patients was studied using the log-rank 
test. As shown in Figure 2, patients with 
high SPRY4-IT1 expression had dramatical-
ly poor OS (Figure 2A, P = 0.0056) and DFS 
(Figure 2B, P = 0.0001) than those with low 
SPRY4-IT1 expression. Furthermore, SPRY4- 
IT1 expression was associated with both 
OS and PFS in a univariate Cox proportional 
hazards regression analysis (Tables 2, 3). 
Finally, a multivariate survival analysis 
based on the Cox proportional hazards 
model showed that SPRY4-IT1 expression 
was an independent poor prognostic factor 
for both OS (HR, 7.812, 95% CI, 1.311-
46.545; P = 0.024, Table 2) and DFS (HR, 
4.322, 95% CI, 1.205-15.500; P = 0.025, 
Table 3) in BC patients. All of these data 
demonstrate that SPRY4-IT1 is an indepen-
dent prognostic factor and that high SPRY4-
IT1 expression was correlated with unfavor-
able survival in BC patients.
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Figure 2. Kaplan-Meier survival curves stratified by SPRY4-IT1 expression levels in breast cancer patients. Patients 
in the high SPRY4-IT1 group showed decreased overall survival (OS, A) and disease-free survival (DFS, B), as com-
pared with the low SPRY4-IT1 group, P = 0.0056 and P = 0.0001, respectively. The p value was calculated using 
the log-rank test. 

Table 2. Univariate and multivariate Cox regression analyses of overall survival in breast cancer pa-
tients

Variables
Univariate analysis Multivariate analysis

HR (95% CI) P 
value HR (95% CI) P  

value
Age (years), ≤ 50 versus > 50 0.906 (0.165-4.985) 0.910  
Menopausal status, Premenopausal versus Postmenopausal 0.755 (0.127-4.482) 0.757  
Tumor size (cm), ≤ 2 versus > 2 2.893 (1.060-7.898) 0.038 1.341 (0.3385.318) 0.676
Lymph node status, negative versus positive 4.235 (1.405-12.766) 0.010 0.920 (0.171-4.943) 0.922
Grade I-II versus III 0.302 (0.061-1.490) 0.141  
ER status, negative versus positive 0.261 (0.066-0.702) 0.011 0.415 (0.052-3.299) 0.406
PR status, negative versus positive 0.168 (0.046-0.618) 0.007 0.210 (0.024-1.805) 0.155
HER-2/neu status, negative versus positive 6.187 (2.169-17.649) 0.001 2.036 (0.546-7.594) 0.290
TNM stage, I-II versus III 2.963 (1.711-5.130) 0.000 2.532 (1.059-6.053) 0.037
SPRY4-IT1 expression, low versus high 12.706 (2.764-58.415) 0.001 7.812 (1.31146.545) 0.024

Table 3. Univariate and multivariate Cox regression analyses of disease-free survival in breast cancer 
patients

Variables
Univariate analysis Multivariate analysis

HR (95% CI) P  
value HR(95%CI) P  

value
Age (years), ≤ 50 versus > 50 0.807 (0.200-3.259) 0.764  
Menopausal status, Premenopausal versus Postmenopausal 2.007 (0.531-7.582) 0.304  
Tumor size (cm), ≤ 2 versus > 2 3.102 (1.313-7.330) 0.010 1.919 (0.576-6.393) 0.288
Lymph node status, negative versus positive 3.804 (1.565-9.243) 0.003 0.813 (0.196-3.367) 0.775
Grade I-II versus III 1.120 (0.312-4.022) 0.862  
ER status, negative versus positive 0.524 (0.223-1.228) 0.137  
PR status, negative versus positive 0.422 (0.175-1.018) 0.055  
HER-2/neu status, negative versus positive 5.602 (2.191-14.326) 0.000 3.117 (0.894-10.874) 0.075
TNM stage, I-II versus III 3.787 (2.109-6.802) 0.000 2.481 (1.194-5.159) 0.015
SPRY4-IT1 expression, low versus high 10.500 (3.591-30.698) 0.000 4.322 (1.205-15.500) 0.025

encodes an endogenous inhibitor of the recep-
tor-transduced mitogen-activated protein ki- 
nase pathway. Computational prediction sug-

gested the secondary structure of SPRY4-IT1 
might contain several long hairpins. This lncRNA 
was originally reported to be highly upregulated 
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in melanoma where it played an oncogenic role 
[7]. Since its discovery, a growing number of 
studies have reported the aberrant expression 
of SPRY4-IT1 in other cancer types, such as 
lung [12], breast [9], gastric [8], esophageal 
[10], prostate cancers [13], liver cancer [14], 
glioma [15], gallbladder cancer [16], renal can-
cer [17], and bladder cancer [18]. Shi and col-
leagues showed that SPRY4-IT1 expression 
was significantly higher in breast cancer tis-
sues as compared with normal tissues [9]. 
Increased SPRY4-IT1 expression was associat-
ed with larger tumor size and a more aggres-
sive pathological stage. Further experiments 
demonstrated that the knockdown of SPRY4-
IT1 significantly inhibited cell proliferation and 
induced apoptosis in breast cancer cell lines. 
The enforced expression of SPRY4-IT1 can pro-
mote cell proliferation by upregulating the cell 
proliferation marker MKI67 and the minichro-
mosomal maintenance genes [MCM2, MCM3, 
MCM4 and MCM5] (MCM2-5). Overexpression 
of SPRY4-IT1 can also upregulate the anti-
apoptotic gene X-linked inhibitor of apoptosis 
protein (XIAP) and the baculoviral IAP repeat-
containing 7 (livin) and downregulate the tumor 
suppressor dipeptidyl peptidase-IV (DPPIV), 
thus resulting in apoptosis [19]. Moreover, sup-
pression of SPRY4-IT1 may increase the apop-
tosis rate through altering lipin 2 in lipid metab-
olism [20]. In addition, SPRY4-IT1 can increase 
the migration ability by facilitating the EMT pro-
cess [10]. Generally, SPRY4-IT1 can promote 
cancer progression by affecting the pheno-
types of cancer cells and molecular pathways 
[21].

In the present work, we first determined the 
expression levels of SPRY4-IT1 in BC and 
matched normal tissues and observed a signifi-
cantly greater increased expression of SPRY4-
IT1 in the BC tissues than in the adjacent nor-
mal breast tissues. We further found the 
expression level of SPRY4-IT1 was significantly 
associated with tumor size, TNM stage and 
lymph node metastasis, suggesting SPRY4-IT1 
contributed to progression of BC. In addition, 
the Kaplan-Meier analysis demonstrated that a 
high SPRY4-IT1 expression level was associat-
ed with poorer OS and DFS. Based on these 
data, we performed a multivariate analysis, 
and the results indicated that SPRY4-IT1 was 
an independent prognostic factor for predicting 
the OS and DFS of BC patients. Similar results 

were also found in other types of cancer, and a 
higher expression of SPRY4-IT1 predicted poor 
prognosis in many cancers, such as gastric 
cancer [8], esophageal squamous cell carcino-
ma [10], colorectal cancer [11], non-small cell 
lung cancer [12], and clear cell renal cell carci-
noma [17]. On the basis of the previous studies, 
we hypothesized that the contribution of high 
SPRY4-IT1 expression to the poor prognosis of 
BC patients might be caused by its facilita- 
tive efficiency on BC cell proliferation and 
metastasis.

This study has several limitations: (1) The 
expression of SPRY4-IT1 was only analyzed in 
tissues, and we will collect serum samples of 
breast cancer to further confirm our findings. 
(2) This study lacked an independent cohort to 
identify the predictive value of the SPRY4-IT1 
signature. Thus, the findings of this study 
should be further confirmed for a larger sample 
in a multicenter, randomized, controlled, and 
prospective study.

Conclusions

In conclusion, this study indicates that SPRY4-
IT1 expression is significantly upregulated in BC 
tissues compared with corresponding normal 
breast tissues, and its expression is significant-
ly associated with the tumor size, TNM stage, 
and lymph node metastasis of BC patients. 
Moreover, increased expression of SPRY4-IT1 
is predictive of a worse prognosis in BC patients. 
All the evidence above suggests that SPRY4-IT1 
is a novel molecule correlated with BC progres-
sion, and it may serve as a potential biomarker 
to predict prognosis in BC patients.
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